INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Equine piroplasmosis or babesiosis is a tick-borne protozoal disease caused by two intraerythrocytic parasites, Babesia equi and Babesia caballi. This illness affects horses, mules, donkeys and zebras and may occur in acute, subacute or chronic form. The disease is characterized by fever, anemia, icterus, hepato and splenomegaly, intravascular hemolysis and petechial hemorrhages of the mucuous surfaces, and hemoglobinuria (Schein 1988) .
Equine piroplasmosis has a worldwide distribution, being endemic in most tropical and subtropical areas of the world as well as in some temperate climatic zones (Schein 1988 , De Waal 1992 , Bruning 1996 . Once infected horses become carriers of B. equi and potential disseminators of the parasite, the importation of horses into disease free-areas, such as Japan, Australia and North America, is only possible if they A complement fixation test (CFT), performed in microtitre plates, based upon the use of crude antigenic preparation of Babesia equi was adapted for the detection of antibodies in serum of infected horses. The indirect fluorescent antibody test (IFAT) and enzyme-linked immunosorbent assay (ELISA) were also used for the immunodiagnosis of B. equi. Serum samples from 15 apparently healthy horses, previously conditioned to a high-speed equine treadmill, were taken before and after exercise. All the samples analyzed were positive for B. equi infection. There were no significant differences (P<0.01) between these 3 tests, or the condition of rest or stress. The combined use of CFT and IFAT or ELISA should be recommended in order to enable veterinary services to more efficiently prevent introduction of infected horses into disease-free areas.
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have been declared to be negative for piroplasmosis through serological testing (Bruning 1996) . Therefore, serological tests have assumed a major role in international horse trade and there is indeed a great need for the development of a rapid, specific, sensitive, and inexpensive serological test.
The complement fixation test (CFT) was introduced as the official test for equine piroplasmosis by the United States Department of Agriculture (USDA) in 1969 and is now used worldwide as a recommendation of the Office International of Epizooties (OIE) for trade and regulatory testing purposes (Friedhoff 1982) . Nevertheless, serological studies have shown the low sensitivity and specificity of the CFT in identifying equine piroplasmosis carriers, and while rarely giving false positives may result in a negative response in horses with latent infections (Weiland et al. 1986 ). The indirect fluorescent antibody test (IFAT) is also commonly used to detect specific antibodies to B. equi, especially in cases where the CFT has proved to be inconclusive (Bruning 1996) . Although the IFAT is more sensitive than the CFT and rarely renders false negative results (Tenter & Friedhoff 1986 ), standardization is difficult, considering the subjectivity of the reader in assessing the results (Bose 1995 , Bruning 1996 . Besides the CFT and IFAT, the enzyme-linked immunosorbent assay (ELISA) has also been used for the detection of Babesia infection and is nowadays an alternative for increased specificity and sensitive detection of acute and latent babesial infections.
Moreover, the effects of incremental exercises on the efficiency of the diagnosis of B. equi are aspects that should be considered. Horses submitted to training programs involving a large component of maximal exercise achieve a better degree of fitness and present marked increases in erythrocyte numbers, packed cell volume, haemoglobin concentration, total white cell count and lymphocytes (Smith et al. 1989) . Another interesting feature is that the spleen is a great reservoir of Babesia parasites and it is known that the spleen of most mammals contracts during stress, being the effects of excitement or exercise most dramatic in horses (Smith et al. 1989) .
The purpose of the present study was to perform a complement fixation test with a crude B. equi antigen prepared from a Brazilian strain and to evaluate the ability of this test comparatively with IFAT and ELISA for the detection of parasite carrier horses submitted to incremental exercises.
MA MA MA MA MATERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS

Babesia equi Babesia equi Babesia equi Babesia equi
Babesia equi isolate isolate isolate isolate isolate A Babesia equi strain isolated from a foal of 8 days of birth at Faculdade de Ciências Agrárias e Veterinárias, Jaboticabal, Universidade Estadual Paulista, State of São Paulo, Brazil, was utilized in this study. The strain was maintained cryopreserved in 10% dimethyl sulphoxide.
Antigen preparation Antigen preparation Antigen preparation Antigen preparation Antigen preparation
For the preparation of B. equi antigen, a 2-year-old horse, free from hemoparasites, was splenectomized and inoculated intravenously with cryopreserved B. equi. The animal was monitored daily for the presence of parasites by microscopic examination of Giemsa stained blood smears. Infected blood was collected in an equal volume of Alsever´s solution during the peak of parasitaemia, approximately 80%, which occurred on the 9th day after inoculation. Briefly, the blood was diluted 1:4 in normal saline and the infected erythrocytes subjected to lyses with ammonion chloride (Machado et al. 1994) . B. equi free merozoites were disrupted by 9 freezing (-0ºC)/ thawing cycles (37ºC), lyophilized and stored at -70 o C until required for the CFT and ELISA.
IFAT antigen was also prepared from blood of experimentally infected horse. The erythrocytes were washed 4 times in normal saline and after the last wash the packed red-blood cells were adjusted to obtain an ideal concentration of parasites, approximately 30 parasites per field of view. Blood smears were made onto previously cleaned glass slides, which were dried for 6 hours at room temperature, wrapped in aluminum foil with tissue paper separating each slide, and stored at -70 o C.
Serum samples Serum samples Serum samples Serum samples Serum samples
Positive and negative reference sera were used to optimize the CFT test. Fifteen serum samples collected from foals before they suckled colostrum were used as reference negative control sera, while 15 sera samples positive for B. equi by IFAT and blood smear examination were used as positive control sera. Another batch of 15 sera samples tested positive for B. caballi by IFAT and negative for B. equi were used in this study. Sera from 15 Arabian apparently healthy horses of northeastern São Paulo State were also examined. These samples were collected before and after the horses were submitted to incremental exercises on the treadmill as determined by the exercise protocol described below.
Ex Ex Ex
Ex Exercise protocol ercise protocol ercise protocol ercise protocol ercise protocol Horses previously conditioned to a high-speed equine treadmill, were exercised under controlled conditions. Blood was taken while the animals were at rest, immediately prior to exercise-induced stress. Each horse was run at 4 m/s for 5 minutes to warm up and was then exercised for 2 minutes at 6 m/s, 8 m/s and 10 m/s on a 6 degree incline. Immediately after exercised to exhaustion, additional blood sample was aseptically collected from the jugular vein, allowed to clot, centrifuged at 2000xg for 10 minutes and stored at -20ºC until use.
Complement fixation test (CF Complement fixation test (CF Complement fixation test (CF Complement fixation test (CF Complement fixation test (CFT) T) T)
T) T) The method used was that described by Bier et al. (1968) , which is based on a 50 per cent hemolytic unit and followed closely for the titration of complement, amboceptor and sheep erythrocyte. The exceptions is that the tests were performed in microtitre plates and all dilutions of reagents were made in an isotonic trietanolamina buffer (TEL) pH 7.4, prepared with 100 mL of trietanolamina stock solution (1.232g of MgSO 4 7H 2 O, 0.2g of CaCl 2 2H 2 O, 75g NaCl, 28mL of trietanolamina and 1,000mL of distilled water) and 8.3mL of a sterile solution of 1% gelatin, made up to exactly 1,000mL of distilled water.
In short, optimal dilution of the antigen suspension was determined in a two dimensional block titration against the standard anti-sera panel mentioned previously. For the titration of serum samples, the antigen was kept constant at the predetermined concentration and serum was added to the test in two fold dilutions from 1:5 to 1:1,280. All serum samples were inactivated at 56 o C for 30 minutes before use. Each reagent, test serum and antigen (crude B. equi) was added in 25µL amounts. Two 50 per cent hemolytic units (2.0 CH50) of complement in a volume of 50µL were used in the tests, which were held 4 hours at 4-6 o C, followed by further incubation of 1 hour at 37 o C to allow time for fixation. Thereafter, a volume of 25µL of sensitized sheep erythrocytes were added to each well and the mixtures were then incubated at 37 o C for 45 minutes to allow time for hemolysis. The microplates were finally centrifuged at 200xg for 5 minutes and the degree of lysis was read with the aid of a standard lysis scale. The point of 50% hemolysis was determined by graphic interpolation. All the tests included negative and positive control sera, as well as appropriate complement and haemolytic control systems. Controls for anti-complementary effects of serum and antigen dilutions were also included in the test. The degree of lysis was scored as + (75% lysis), ++ (50% lysis), +++ (25% lysis) or ++++ (nil lysis). Animals showing less than 50% lysis at serum dilution of 1:5 in the presence of 2 units of complement were deemed to be positive.
Indirect fluorescent antibody test (IF Indirect fluorescent antibody test (IF Indirect fluorescent antibody test (IF Indirect fluorescent antibody test (IF Indirect fluorescent antibody test (IFA A A A AT) T) T) T)
T) The IFAT procedure essentially followed those previously described (Callow et al. 1979) . Briefly, antigen slides were incubated with test sera for 45 minutes, starting at 1:40 serum dilution with subsequent 2-fold serial dilution to establish end points. After washing with phosphate-buffered saline (PBS), they were incubated with FITIC-labelled anti-horse IgG (KPL, EUA) and examined under a fluorescent microscopy (Olympus, BX-FLA). Sera were considered positive if it showed strong fluorescence of the parasites at a dilution of 1:80 or above.
Enzyme-link Enzyme-link Enzyme-link Enzyme-link Enzyme-linked immunosorbent assay (ELISA) ed immunosorbent assay (ELISA) ed immunosorbent assay (ELISA) ed immunosorbent assay (ELISA) ed immunosorbent assay (ELISA) ELISA was performed as described previously (Baldani et al. 2004 ). Ninety-six-well microtitration plates (Nunclon TM Surface; Nunc, Denmark) were coated overnight at 4ºC with 100µL (10µg/mL) of crude B. equi antigen diluted in a sodium bicarbonate-carbonated 0.05M buffer (pH 9.6). Alkaline phosphatase conjugated anti-horse IgG (Sigma, EUA) was used 1:30,000. The immunological activity of each serum was calculated by determining the sample to positive serum ratio (S/P), considering positive and negative sera as reference. Horses were considered to be positive when S/P values at an optical density of 405hm were equal or greater than 0.278.
Statistical analysis Statistical analysis Statistical analysis Statistical analysis Statistical analysis
Statistical analysis of the results was performed using a Chi-square test, comparing positive rates obtained for B. equi by CFT, IFAT and ELISA, before and after strenuous exercise.
RESUL RESUL RESUL RESUL RESULTS AND DISCUS TS AND DISCUS TS AND DISCUS TS AND DISCUS TS AND DISCUSSION SION SION SION SION
The CFT outlined in this study combines ease of performance with the technical accuracy of the quantitative method in which fixation mixtures are set up with serial dilutions of serum, a maximally reactive dose of antigen and a fixed dose of complement. Moreover, the CFT described in this paper is based on the use of reference sera to clearly define the difference between negative and positive sera. Checkerboard titration showed a antigen concentration of 1:40 in TEL buffer pH 7.4 as optimum. Serum samples were diluted at 1:5 to 1:1,280, in which the titers of the negative reference sera were ≤1:5. On the other hand, the titers observed for all the anti-Babesia equi reference sera were ≥1:5. This data gave a sensitivity of 100%, demonstrating that the CFT based on the use of crude B. equi antigen clearly discriminates between positive and negative reference sera. This result differs from those reported by several other researchers which have demonstrated the low sensitivity of the CFT in the detection of antibodies anti-B. equi in naturally and experimentally infected horses (Tenter & Friedhoff 1986 , Weiland 1986 ). However, the anti-B. caballi sera group demonstrated to be positive by the CFT, being all the horse titers ≥1:5. Therefore, cross-reaction with B. caballi was observed and the specificity of the CFT presented in this paper was 50%. Similar results were reported by Joyner et al. (1981) which attributed the finding of a disproportionately high number of B. equi positive animals in the United Kingdom to the cross-reaction of B. caballi positive sera with B. equi antigen. Donelly et al. (1980) have also reported such cross-reaction in the CFT. This lack of specificity however is not very important since the objective of the test, especially for international trade of horses, is to detect animals infected with either one or both species of Babesia. It is so that only serologically negative horses for both babesia can enter disease free areas. Of more consequence would be the possible lack of sensitivity, which would result in failure to detect lowlevel carrier animals.
Antibody titers to crude B. equi antigen were determined by CFT, IFAT and ELISA in sera of 15 Arabian horses from the State of São Paulo, at rest and after strenuous exercise. The results indicate that there are no significant differences (P<0.01) between the three tests on the detection of parasite carriers, as well as in the condition of rest or stress, once all the horses were positive for B. equi. However, titers of some horses increased or decreased when under strenuous exercise in all serological tests (Table 1 ). This may be correlated to spleen contraction during stress, which probably results in a release of parasites from the spleen and could also be responsible for clinical manifestation of the disease in horses submitted to heavy exercise (Hailat et al. 1997) . Thus, Wong et al. (1992) demonstrated that serum IgG, IgM and IgA values after exercise were not significantly different from those obtained before exercise, although the research was performed in horses not infected with B. equi. It is so that further studies on cellular and humoral immunological response should be carried out in order to elucidate such aspects on the infection of B. equi.
Although our results demonstrate no significant differences on positive rates for B. equi obtained by CFT, IFAT and ELISA, former studies have reported the excellent performance of IFAT as compared with the CFT on detection of antibodies to B. equi in the sera of infected horses (Tenter & Friedhoff 1986; Weiland 1986 ). Additionally, various procedures of ELISA have been standardized and shown to be more sensitive and specific than CFT and IFAT (Knowles et al. 1991 , Kumar et al. 2003 . Therefore, the advantages and disadvantages of each test should be considered at the moment of choice of the best test for the diagnosis of equine piroplasmosis. It should be mentioned that the standardization of the ELISA was performed in a previous study, which demonstrated that the specificity and sensitivity of the test using a crude antigenic preparation of B. equi was 100% (Baldani et al. 2004) , with the advantage of using very low concentration of the antigen (10µg/mL) when compared to those reported by Kumar et al. (2003) , which varied between 370µg/mL and 500µg/mL. The IFAT, on the other hand, showed cross-reactions with B. caballi reference sera, although titers were not very high (≤1:80). Moreover, serum samples of known identity were deliberately selected from a previous study for the standardization of all tests to increase the confidence so that unknown field sera with different antibody titers could be evaluated perfectly.
The study of the humoral response in sera from Brazilian horses has shown that equine piroplasmosis is a serious problem in Brazil. Our results demonstrate a high prevalence for B. equi in northeastern São Paulo Stae and are in accordance with those published by Xuan et al. (2001) who recorded prevalence of 81% for B. equi. Heuchert et al. (1999) tested 752 serum samples from the State of São Paulo by IFAT and CFT and reported prevalence rates of 29.6% and 17.6%, respectively. Moreover, serum samples from 90 horses of the same region of the present study were tested by ELISA and the prevalence of B. equi found was 75% (Baldani et al. 2004 ). The frequency of equine piroplasmosis recorded in this study is significantly higher than that recorded by Heuchert et al. (1999) . This may be due to differences in management of the horses, which appears to be an important factor for the prevalence of B. equi infections and, to a lesser extent, to the number of serum samples examined. It has been demonstrated that where horses have direct or indirect contact with cattle and where there is no severe tick control program, the incidence of B. equi is much higher (Heuchert et al. 1999 , Kerber et al. 1999 .
Antigenic preparation in the present study was produced using a very simple methodology and required little material manipulation at a very low cost. Good crude antigenic preparations of intracellular parasites are difficult to produce, particularly due to the presence of host contaminant components, such as red blood fragments. These contaminants make the standardization of immunological assays a crucial step (Mahoney & Goodger 1981) since they increase the occurrence of non-specific reactions. Zwart & Broklesby (1979) suggest that the technique adopted for the preparation of Babesia antigen is crucial and has an important role on the specificity/cross-reactivity of the diagnosis test. Moreover, the limited offer of crude antigenic preparation is probably the major reason why recent research has been toward the development of serological tests that use recombinant antigens (Xuan et al. 2001) . The advantages of recombinant antigen over native antigen are that standardization of the test is facilitated, it makes unnecessary the long-term in vitro cultivation of the parasites or the artificial infection of horses for antigen production, although the cost is relatively higher (Bruning 1996) . It is probable that in the near future a sensitive and specific serological test using recombinant antigens will be used worldwide as a gold-standard test for the detection of B. equi parasite carriers.
In conclusion, we have provided convincing data which demonstrate the usefulness of the CFT using crude antigenic preparation for the detection of B. equi infection. Moreover, there is no difference in collecting blood samples before or after exercise for serological diagnosis of equine piroplasmosis. The combined use of CFT and IFAT or ELISA is recommended in order to enable veterinary services to prevent more efficiently introduction of infected horses into diseasefree areas, where the infections could become endemic.
